Duchenne Muscular Dystrophy (DMD) is an X-linked lethal muscle wasting disease characterized by muscle fiber degeneration and necrosis. The progressive pathology of DMD can be explained by an insufficient regenerative response resulting in fibrosis and adipose tissue formation. BMPs are known to inhibit myogenic differentiation and in a previous study we found an increased expression of a BMP family member BMP4 in DMD myoblasts. The aim of the current study was therefore to investigate whether inhibition of BMP signaling could be beneficial for myoblast differentiation and muscle regeneration processes in a DMD context. All tested BMP inhibitors, Noggin, dorsomorphin and LDN-193189, were able to accelerate and enhance myogenic differentiation. However, dorsomorphin repressed both BMP and TGFβ signaling and was found to be toxic to primary myoblast cell cultures. In contrast, Noggin was found to be a potent and selective BMP inhibitor and was therefore tested in vivo in a DMD mouse model. Local adenoviral-mediated overexpression of Noggin in muscle resulted in an increased expression of the myogenic regulatory genes Myog and Myod1 and improved muscle histology. In conclusion, our results suggest that repression of BMP signaling may constitute an attractive adjunctive therapy for DMD patients.
Introduction
Duchenne Muscular Dystrophy (DMD) is a lethal X-linked muscle wasting disorder caused by large deletions, insertions or point mutations in the DMD gene, which encodes the dystrophin protein.
DMD muscle pathology has a progressive nature. The absence of functional dystrophin protein induces muscle fiber degeneration and necrosis. Subsequent local inflammation triggers fibrosis and fatty tissue infiltration, which results in replacement of muscle fibers with fibrotic and fatty tissue and loss of muscle function (reviewed in (Blake et al., 2002) ). Although no treatment exists to date that can reverse the progressive muscle pathology of DMD, substantial effort and progress has been made in the development of novel therapies for DMD, which can roughly be divided into two groups; therapies aiming for restoration of dystrophin expression and therapies aiming for improvement of the overall condition of the muscle by repressing the molecular pathways that aggravate DMD pathology. The complexity of molecular pathways involved in the progressive pathophysiology of the disease makes it difficult to identify all the molecular players involved in DMD pathology, but several key players have been identified by expression profiling (Chen et al., 2000; Haslett et al., 2002; Pescatori et al., 2007; Sterrenburg et al., 2006) . Importantly, signaling cascades that are known to be proinflammatory and pro-fibrotic, such as the nuclear Factor-κB (NF-κB) and Transforming Growth Factor-β1 (TGFβ1) pathways, were reported to be induced in DMD patients and in the mdx mouse model for DMD (Acharyya et al., 2007; Bernasconi et al., 1995; Chen et al., 2005; Cohn et al., 2007) . In addition, TGFβ1 and the related family member myostatin have been described to act as direct negative regulators of muscle mass and muscle regeneration by repressing proliferation and differentiation of muscle stem cells (also known as satellite cells) and may therefore play a role in the further impairment of muscle regeneration in DMD. Several studies showed that blocking the myostatin-and TGFβ-induced signaling cascades improved the dystrophic phenotype and muscle function of mdx mice by counteracting fibrosis and/or stimulating muscle regeneration (Bogdanovich et al., 2002; Cohn et al., 2007; Haidet et al., 2008) . The results of these studies provide insight in the molecular 
